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Abstract 
The development of pre-pubertal children’s gendered voice was scarcely investigated. It was 
hypothesized that they might learn by imitating voices of the same gender. A total of 22 boys 
aged 6 to 9 years watched a video-clip with characters speaking in either masculine voice or 
children’s voice depending on the group assigned. Voice samples of isolated vowels, sentence 
and spontaneous speech were elicited in three phases: pre-treatment, post-treatment and 
retention. Acoustic analyses of fundamental frequencies and formant frequencies, and 
perceptual judgment of masculinity and femininity on a 10-point interval scale by 
experienced speech therapists underwent statistical analyses by mixed analysis of variance. 
The results revealed no significant effect of video stimuli by both acoustic and perceptual 
parameters on both control and treatment groups. Possible reasons were discussed in terms of 
video deficit effect (Anderson & Pempek, 2005) and social cognitive theory. Further 
improvements and direction for future studies were suggested. 
Key words: television, imitation, acoustic analysis, perceptual rating, pre-pubertal voice 
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Voice and Gender: The effect of gendered voice input on the voice of prepubertal boys 
As children grow and mature, puberty takes place. Boys and girls undergo sexual 
dimorphism which leads to anatomical transitions and the development of secondary sexual 
characteristics. Significant differences in vocal tract morphology including the overall vocal 
tract length and relative proportions of the oral and pharyngeal cavity were found between 
men and women (Fitch & Giedd, 1999). Men were found to have longer and thicker vocal 
fold creating a larger larynx and longer vocal tract length than women (Kahane, 1978). Based 
on the source-filter theory, as the vocal tract length becomes longer, greater resonances of 
vocal tract was generated, leading to lower fundamental frequency (F0) of voice (Kent & 
Read 1992). As a result, men generally develop lower F0 of around 120Hz than that of 
women which was around 220Hz (Klein, 2004). Given that vocal tract length was positively 
correlated with body size as indicated by either height or weight (Fitch & Giedd, 1999), there 
should be no anatomical differences of vocal tract between pre-pubertal boys and girls of 
similar body size. Further, no gender-specific differences such as F0 of voice were to be 
expected. 
However, an early research by Sachs, Lieberman and Erickson (1973) revealed that the 
voice of pre-pubertal children starting from the age of four could be accurately discriminated 
based on F0 and formant frequencies. They analyzed isolated vowels, sentence production 
and passage production of 14 boys and 12 girls aged 4-12 years. Boys on the average had 
Voice and Gender 4 
 
higher F0 but lower first and second formant frequencies (F1, F2) in the isolated vowel 
productions than girls. In addition, Lee, Potamianos and Narayanan (1999) analyzed F0, first, 
second and third formants (F1-F3) of 10 monophthongs of 59 children aged five and six. 
Significantly lower F1 was reported for boys than for girls.  
Another study by Perry, Ohde and Ashmead (2001) also investigated seven 
monophthongs produced in carrier phrase of 10 girls and 10 boys each for age groups of four 
and eight year olds. It reported that for children as young as four years of age, boys have 
lower vowel formant frequencies than girls. The results also suggested that vowel formant 
frequencies rather than F0 provided effective cues for gender discrimination of a child’s 
voice.  
In contrast, Ingrisano, Weismer, and Shuckers (1980) analyzed sentence productions 
from four boys and three girls with a mean age of 4.8 years. It was reported that boys have 
lower average F0 (272 Hz) and restricted F0 range (245-272 Hz) than girls (286 Hz, 233-323 
Hz). Hasek, Singh and Murry (1980) also found significantly lower mean F0 of spontaneous 
speech samples for boys than for girls between the ages of 7-10 years.  
Auditory-perceptual discrimination of voice of prepubertal boys and girls was also 
widely studied. Sachs et al. (1973) recorded sentence productions of 26 children aged 4 to 14 
years. Eighty-three adult judges discriminated the gender from the children’s voices of 
sentence production with over 80 percent of accuracy. Perry et al. (2001) reported a study 
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with 20 adult judges to identified the gender of CVC syllable production of 80 children aged 
4-16 years on a six-point rating scale. Significant differences were reported between the 
gender ratings for boys’ and girls’ voices. Klein (2004) found 12 adult judges to identify the 
gender of 17 children ranged 3;3-5;10 years of age from isolated vowels, single words and 
spontaneous speech. Higher than chance level correct identification rate of 61.73%, was 
reported.  
At this pre-pubertal age, insignificant gender-specific differences would be expected 
from the children’s voice. On the contrary, however, significant differences were consistently 
reported from both acoustic and perceptual parameters between boys and girls. Given that 
pre-pubertal boys and girls are anatomically identical regarding their ‘source’ and ‘filter’, the 
consistent evidences in voice differences lead to the hypothesis of behavioral differences. 
Some authors suggested that the children might learn culturally determined patterns 
that were considered gender appropriate (Ferrand & Bloom, 1996; Sachs et al., 1973). Within 
the limit of anatomy, one can change the formant pattern by changing the configuration of the 
lips, or by pronouncing with phonetic variations. For example, boys may achieve lower 
formants by protruding their lips to increase vocal tract length that imitates the anatomical 
difference which characterizes stereotypical men (Fitch & Giedd, 1999). Girls may achieve 
higher formants by spreading the lips to imitate stereotypical women who talk and smile at 
the same time (Sachs et al., 1973). It was also reported that by the age of five, children had 
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fully established their ability to control and imitate intonational patterns which are 
complicated (Loeb & Allen, 1993). Boys generally show more restricted intonational patterns 
as indicated by decreased maximum F0, F0 range, and percentage of rising and falling shifts 
at age seven to eight years (Ferrand & Bloom, 1996).  
Previous studies mainly focused on analyzing characteristics of children’s voices. 
However, the way of how they develop such vocalizing behavior that is considered 
appropriate for their gender is still unclear. As an extension to the research done by Sachs et 
al. (1973), the present study aimed to investigate gender-specific voice development in 
children in terms of social cognitive perspective. 
Based on the social cognitive theory, gender development spans across the course of 
life. Children’s gender-linked voice development is influenced and promoted by three major 
modes namely, modeling, enactive experience and direct tuition (Bussey & Bandura, 1999). 
The information conveyed is cognitively processed (Bussey & Bandura, 1999). Amongst the 
different modes, modeling is regarded as the most powerful means of transmitting behavior in 
terms of rules and structure (Bandura, 1986; Rosenthal & Zimmerman, 1978). In a classic 
study conducted by Bandura, Ross and Ross (1963), it found that children of three to five 
years old would imitate and enact modeled aggressive behavior immediately after the 
demonstration. It suggested that children play an active role of an observer to extract these 
rules and structure underlying the modeled activities into their own behaviors.  
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In the children’s gender development, their cognitive skills allow them to differentiate 
the genders. As their ability develops, they attend more to same-gender than to other-gender 
models (Bussey & Bandura, 1984). They would pay greater attention to and learn more about 
models that they regard as personally relevant (Kanfer, Duerfeldt, Martin, & Dorsey, 1971).  
Children are continually exposed to different social context such as at home, at school, 
or at a restaurant. They observe from family members, peers, teachers, television, etc. All 
these agencies of gender development are capable of bringing impact on the child’s behavior. 
A research by Bandura et al., (1963) pointed out that the chances for children to imitate 
televised models and live models were equal. Therefore, in this experimental design, the most 
ecologically valid manner to measure any behavior transmission was to allow the child to 
watch television.   
The present study aimed to adopt an experimental paradigm which might bring insights 
to the development of children’s behavior with respect to their voice production. In particular, 
the gender of voice was investigated using both acoustic and perceptual parameters to 
measure the changes. It was hypothesized that prepubertal boys might imitate a same-gender 
voice after such model was given. They were expected to exhibit a more masculine voice 
after the treatment. The use of television acted as the mean of providing modeling for the 
children to imitate. 
Method 
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Participants 
Twenty-two pre-pubertal boys between six to nine years old (mean = 7.73 years, SD = 
1.03) participated in the study. They were randomly assigned to either the Masculine or the 
Control group. Each group consisted of 11 participants. The age range ensured that the 
participants’ voices were gender differentiable (Sachs et. al., 1973). It also excluded possible 
interferences exerted by puberty voice. They were mainstream primary school children from 
Hong Kong. All participants demonstrated no articulation and language disorders in the 
productions of the experimental utterances. All children met the inclusion criteria of 1) 
understanding and speaking standard Cantonese for over 80% of the time; 2) physically 
healthy; and 3) no reported history of cognitive, auditory, visual, language, speech, or voice 
problem as reported by the parents. 
Video-clip stimulus 
The video-clip stimulus used was a 12 minute and 6 second cartoon clip of Chibi 
Maruko-chan. The cartoon depicted the daily life of a class of Primary 3 children in a school 
setting which was socially common to Hong Kong children despite that it was a Japanese 
production. The time for male and female characters speaking was 3 minute 52 sec and 3 
minute 40 sec respectively. Two sets of video-clip stimuli were prepared, one for the control 
group, and the other for the masculine group. The two sets of video-clip were the same in 
their content but different in the voices presented. For the control group, the voices of the 
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characters were dubbed by local adult voice actors who act in children’s voices. For the 
masculine group, the voices of the female characters were adjusted to a stereotypical male 
voice using the software Praat. By the function of ‘change gender’ in Praat, the sound was 
adjusted to a frequency range of 120-160Hz and formant shift ratio of 0.6-0.7 so that it was 
perceptually a masculine voice. The video-clip for the masculine group was trialed with a 
group of 10 adults. They all commented that the voice of female characters were perceptually 
that of an adult male. 
Procedures 
Parents were allowed to accompany their child upon request. However, they were 
asked not to discuss with the child about the video-clip. The video-clip stimulus was played 
on an LCD television of 32 inch screen size (model: 32LG30RA, LG) individually. The 
children watched and listened to the cartoon clip at a comfortable eye-to-screen distance 
(approx. 100-150cm) and volume level which they could adjust according to their preference. 
Voice samples were recorded in three phases for acoustic and perceptual anlyses: 
pre-treatment, post-treatment and retention (i.e., 15 minutes after post-treatment phase). The 
treatment referred to the watching of a video-clip as stimulus. During the 15 minute interval, 
the participant was instructed to focus on activities such as drawing or playing chess which 
did not involve voice production. Voice recordings were made in a sound-proof booth in the 
voice research laboratory. Participants wore a condenser headset microphone (model: C520 
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vocal, AKG Acoustics GMBH) which carries the signal to a desktop computer and was then 
recorded by the software Audacity version 1.2.6. The mouth-to-microphone distance was five 
centimeters for all speech tasks. The speech samples were digitized at a rate of 44kHz and 32 
bits/sample quantization. 
During the recording, each participating child was instructed to produce speech tasks at 
a comfortable loudness, pitch and speaking rate. The required speech productions were 
isolated monothong vowels, sentence and spontaneous speech. First, three isolated vowels /a/, 
/i/ and /u/ were elicited by written words (‘呀’ /a1/, ‘衣’ /i1/, and ‘烏’ /u1/) and visual cues of 
gender-neutral faces of the mouth shape for five times each. Each vowel production should 
last for at least three seconds. Second, a five-syllable sentence utterance‘爸爸打哥哥’ /pa1 
pa1 ta2 kɔ1 kɔ1/ was elicited by written words for five times. Third, descriptions of two 
pictures were elicited by Picture One and Picture Two (Appendix A). Picture One illustrated 
cartoon drawings of several characters (i.e., a cat, a girl, a boy and a male elderly) doing 
different activities in a home setting. Picture Two was an illustration of the cartoon Chibi 
Maruko-chan and her fellow classmates doing different activities in a beach setting. Both 
pictures aimed to elicit spontaneous speech production from the child by describing the 
actions of different characters. Descriptions for each picture lasted for at least 10 seconds. 
Data Analysis 
Acoustic analyses 
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The voice samples were analyzed using the software Praat version 5.1.43 (Boersma, 
Paul & Weenink, David, 2005). Since the acoustic cue for gender identification for children’s 
voices were based on formant frequencies and fundamental frequencies (Perry et al., 2001), 
such parameters were considered to be sensitive to changes in vocal behavior of the child. For 
the analysis of vowel productions, a relatively stable one-second portion (i.e., excluding onset 
and offset) was segmented from the spectrogram to obtain its average first formant (F1), 
second formant (F2) and fundamental frequency (F0). For the analysis of sentence samples, 
the segment for /-a/ of the second syllable /pa1/ in the sentence /pa1 pa1 ta2 kɔ1 kɔ1/ was 
segmented to obtain its F0, F1 and F2. The results were again averaged. For the analysis of 
speech samples elicited through picture descriptions, an uninterrupted ten-second portion of 
the sample (Klein, 2004) was segmented to obtain its average fundamental frequency. 
Perceptual analysis 
It was of interest to determine if there were any changes in gender of voice perceptually. 
The spontaneous speech sample was selected as stimuli. The voices were perceptually rated 
by five pediatric speech therapists. They were experienced listeners to children’s voices and 
had regular contact with children. The average years of experience as a speech therapist was 
10.8 years (range = 14 years, SD = 6.02). Listeners were required to wear a headphone 
(model: HD 212Pro, Sennheiser) in a quiet room and listen to a total of 132 sound files (22 
participants x 2 picture descriptions x 3 recordings) played in a randomized order by a 
Voice and Gender 12 
 
computer standardized by Fast Track USB audio interface (M-Audio, model number: 
US44010, Avid Technology, Inc.). They were told that the children’s age range was between 
six and nine years old but were blind to the hypothesis of the present study. Each judge 
independently scored the perceived gender of the voice upon a 10-point scale (Appendix B) 
ranging from one to ten. Two parameters, masculinity and femininity, were used. Therefore, 
each voice received two ratings based on how masculine and feminine it appeared 
perceptually. This scale allowed the listeners to rate more specifically and reflected more 
subtle changes to gender of voice. Listeners were not given any feedbacks on the correctness 
of rating. They were allowed to listen to the sound file for as many times as they like to 
ensure accurate rating. 
Statistical analysis 
Results were analyzed using two-way mixed analysis of variance (ANOVA) with 
recording phase as the within-subject factor (pre-treatment, post-treatment and retention) and 
group as between-subject factor (masculine and control groups).  
Results 
Acoustic analysis 
Table 1 lists the means and standard deviations of fundamental frequency, first and 
second formants (i.e., F0, F1 and F2) as a function of group across the three recording phases. 
The within-subjects variable was three phases of recordings (i.e., pre-treatment, 
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post-treatment and retention). The between-subjects variable was group (i.e., Masculine and 
Control). An overall significance level of p = 0.05 was set for statistical analyses.  
For the production of isolated vowels /a/, /i/ and /u/ and sentence, a two-way mixed 
ANOVA was used to determine the effects by different acoustic parameters (i.e., F0, F1 and 
F2). For each acoustic parameter, because Mauchly’s test of sphericity for within-subject 
factor speech task was significant (p < 0.05), the assumption of compound symmetry was 
violated. Therefore, results of within-subject effects with Greenhouse-Geisser epsilon 
correction were reported. Hence otherwise results with sphericity assumed were reported. 
Table 2 summarized the main effects of group, phase and group by phase interaction on the 
various acoustic parameters. 
Mean fundamental frequency 
Group effect: For all speech tasks (i.e., vowels, sentence and picture descriptions), 
there was no significant group effects (p values for all speech tasks > 0.05).  
Phase effect: For the production of vowels, sentence and Picture Two description, there 
was no significant phase effect (p values > 0.05). For Picture One description, however, there 
was significant phase effect with sphericity assumed [F (2, 40) = 3.39, p = 0.04]. From the 
pooled data of both groups, retention phase exhibited a lower F0 (232.53 Hz) than that in 
pre-treatment phase (238.66 Hz). 
Group by phase interaction effect: For production of vowels, sentence and Picture Two 
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description, there was no significant group by phase interaction effect (all p values > 0.05). 
However, there was significant interaction effect for Picture One description [F (2, 40) = 3.53, 
p = 0.04]. The Masculine group demonstrated lower F0 (from 240.52 Hz to 229.27 Hz) in the 
retention phase for Picture One. Similar change of F0 was not observed in the Control group.  
Mean first formant (F1) 
Group effect: For vowels and sentence production, there was no significant main effect 
of group (p-values for all speech tasks > 0.05). 
Phase effect: For vowels and sentence production, there was no significant main effect 
of phases (p-values for all speech tasks > 0.05). 
Group by phase interaction effect: For productions of vowels /a/ and /i/, there was no 
significant group by phase interaction effect. For productions of /u/ and sentence, however, 
there was significant effect with sphericity assumed (i.e., /u/ [F (2, 40) = 5.04, p = 0.04]; 
sentence [F (2, 40) = 5.56, p = 0.01]. For /u/, F1 increased in retention (from 411.26 Hz to 
439.93 Hz) in the Masculine group but decreased (from 411.65 Hz to 384.87 Hz) in the 
Control group. For sentence production, F1 decreased in retention in the Masculine group 
(from 940.87 Hz to 894.30 Hz) but increased in the Control group (from 820.47 Hz to 956.25 
Hz). 
Mean second formant (F2) 
Group effect: For vowels and sentence production, there was no significant main effect 
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of groups (all p values > 0.05). 
Phase effect: For vowels and sentence production, there was no significant main effect 
of phases (all p values > 0.05). 
Group by phase interaction effect: For vowels and sentence production, there was no 
significant group by phase interaction effect (all p values > 0.05). 
Perceptual analysis 
For the production of picture descriptions, a two-way mixed ANOVA was used to 
determine the effects on their perceptual rating. Table 3 lists the mean and standard deviation 
of perceptual ratings as a function of treatment groups across the three recording phases. 
Masculinity 
Group effect: For both Picture One and Two descriptions, there was no significant 
group effect [Picture One: F (1, 20) = 0.02, p > 0.05; Picture Two description: F (1, 20) = 
0.01, p > 0.05]. 
Phase effect: For Picture One description, there was no significant phase effect [F (2, 
40) = 3.01, p > 0.05]. For Picture Two description, however, there was significant phase 
effect with sphericity assumed [F (2, 40) = 3.61, p = 0.04]. Overall for Picture Two 
description, the masculinity was decreased from 6.17 in pre-treatment phase to 5.75 in 
post-treatment phase as observed from pooled data. 
Group by phase interaction effect: For Picture Two description, there was no significant 
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interaction effect between phases and groups. For Picture One description, however, there 
was significant group by phase interaction effect with sphericity assumed [F (2, 40) = 3.40, p 
= 0.04]. The Masculine group demonstrated decreased masculinity in the retention phase 
from 6.32 to 5.97). Similar change of masculinity was not observed for the Control group. 
Femininity 
Group effect: There was no significant group effect for Picture One description [F (1, 
20) = 0.22, p > 0.05] and Picture Two description [F (1, 20) = 0.01, p > 0.05]. 
Phase effect: There was significant phase effect with sphericity assumed in Picture One 
description [F (2, 40) = 3.51, p = 0.04]. Combined group performance for Picture One 
description, the femininity increased from 4.04 in pre-treatment phase to 4.50 in retention 
phase. There was also significant phase effect for Picture Two description [F (2, 40) = 4.50, p 
= 0.02]. Combined group performance for Picture Two description, the femininity increased 
from 4.03 in pre-treatment phase to 4.65 in post-treatment phase from pooled data.  
Group by phase interaction effect: For Picture Two description, there was no significant 
interaction effect (p > 0.05). For Picture One description, however, there was significant 
interaction effect with sphericity assumed between phases and groups [F (2, 40) = 3.67, p = 
0.03]. The Masculine group demonstrated increased femininity in the retention phase. Similar 
change of femininity was not observed for the Control group. 
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Table 1. Means (Standard Deviations) of F0, F1 and F2 of vowels (i.e. /a/, /i/ and /u/) and 
sentence productions in Hertz (Hz) for masculine and control group across recording phases. 
 
  Recording phases 
Group Productions Pre-treatment Post-treatment Retention 
Fundamental frequency (F0) (in Hz) 
Masculine /a/ 251.80 (22.57) 242.50 (22.42) 246.85 (15.35) 
 /i/ 258.88 (23.89) 252.46 (20.35) 251.95 (19.78) 
 /u/ 259.04 (25.65) 251.75 (24.46) 249.76 (33.93) 
 sentence 250.91 (24.01) 241.19 (19.36) 239.80 (28.47) 
 Picture One  240.52 (25.77)
 
232.37 (25.51) 229.27 (26.24)
 
 Picture Two 239.48 (25.58) 235.28 (21.77) 233.54 (22.63) 
Control /a/ 248.13 (42.40) 247.56 (35.09) 248.16 (38.12) 
 /i/ 256.29 (40.07) 263.30 (38.29) 262.30 (39.91) 
 /u/ 261.10 (35.59) 264.82 (40.81) 259.53 (44.53) 
 sentence 250.58 (37.70) 254.44 (37.27) 252.15 (38.04) 
 Picture One 236.79 (28.54)
 
240.15 (30.28) 235.78 (27.96)
 
 Picture Two 234.47 (28.82) 241.60 (25.50) 232.16 (30.02) 
First formant (F1) (in Hz) 
Masculine /a/ 899.56 (192.21) 918.99 (219.52) 950.79 (236.42) 
/i/ 381.99 (58.90) 393.77 (67.51) 395.70 (79.52) 
/u/ 411.26 (61.84) 431.72 (80.85) 439.93 (91.21) 
sentence 940.87 (178.89) 858.94 (230.41) 894.30 (230.22) 
Control /a/ 896.77(185.85) 854.34 (182.78) 944.30 (108.55) 
/i/ 386.38 (61.19) 383.98 (62.65) 378.55 (61.07) 
/u/ 411.65 (48.33) 405.57 (46.93) 384.87 (34.50) 
sentence 820.47 (170.46) 911.08 (112.10) 956.25 (192.59) 
Second formant (F2) (in Hz) 
Masculine /a/ 1599.84 (196.11) 1571.53 (249.50) 1597.11 (210.00) 
 /i/ 2793.51 (400.78) 2872.49 (352.74) 2670.32 (721.29) 
 /u/ 831.88 (153.56) 893.10 (220.95) 896.36 (235.23) 
 sentence 1639.91 (240.51) 1589.68 (201.44) 1596.04 (190.98) 
Control /a/ 1493.60 (125.80) 1495.67 (174.11) 1510.10 (146.35) 
 /i/ 2736.30 (655.53) 2682.76 (663.79) 2649.91 (527.71) 
 /u/ 903.99 (226.25) 884.80 (107.45) 923.76 (205.41) 
 sentence 1480.70 (199.19) 1561.72 (178.92) 1569.05 (175.72) 
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Table 2. Summary table for the main effect of group, phase and group by phase effect on F0, 
F1 and F2. 
 
Main effect F0 F1 F2 
Group    
Phase  picture one   
Group x Phase  picture one  /u/ 
 sentence 
 
Note:  = Significant main effect was not found (p > 0.05),  = Significant main effect on 
the specified speech task (p < 0.05). 
 
Table 3. Means (Standard deviation) of perceptual ratings of picture descriptions 1 and 2 for 
masculine and control group across three recording phases.  
 
  Recording phases 
Group Picture Pre-treatment Post-treatment Retention 
Perceived Masculinity    
Masculine One 6.55 (1.05) 5.87 (1.10) 5.84 (1.32) 
 Two 6.09 (1.00) 5.64 (0.67) 6.09 (1.11) 
 Pooled data 6.32  5.76 5.97 
Control One 5.98 (1.93) 5.96 (1.65) 6.04 (1.37) 
 Two 6.25 (1.48) 5.85 (1.37) 6.16 (1.50) 
 Pooled data 6.12 5.91 6.10 
Combined group One 6.26 (1.54) 5.92 (1.37) 5.94 (1.32) 
 Two 6.17 (1.24) 5.75 (1.06)* 6.13 (1.29)  
Perceived Femininity    
Masculine One 3.71 (1.22) 4.15 (1.28) 4.64 (1.35) 
 Two 4.07 (0.97) 4.69 (0.87) 4.40 (1.20) 
 Pooled data 3.89 4.42 4.52 
Control One 4.36 (1.99) 4.65 (1.82) 4.36 (1.68) 
 Two 3.98 (1.63) 4.62 (1.78) 4.44 (1.82) 
 Pooled data 4.17 4.64 4.40 
Combined group One 4.04 (1.64) 4.40 (1.56) 4.50 (1.50) ** 
 Two 4.03 (1.31) 4.65 (1.37) * 4.42 (1.50)  
* Post-treatment phase showed significant difference compared to pre-treatment phase.  
** Retention phase showed significant difference compared to pre-treatment phase. 
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Discussion 
The present study set out to investigate how pre-pubertal boys would imitate a 
masculine voice after models were given through a video-clip. The hypothesis was that after 
watching a video-clip with masculine voice input, the children in Masculine group would 
exhibit a more masculine voice as compared to the Control group which only children’s 
voices were presented.  
The data obtained in the present study by acoustic and perceptual parameters were 
consistent with previously published studies on children’s voice, despite the differences in 
subject population and data analysis procedures. For instance, the mean F0 of vowels for 
boys aged six to nine years old (F0 = 264 Hz) in Lee et al.’s (1999) study was comparable 
with this study (F0 = 254 Hz); the mean first formant (F1= 583 Hz) was comparable with this 
study (F1 = 571 Hz); and the mean second formant (F2 = 1935 Hz) was also consistent with 
this study (F2 = 1722 Hz). Consistent mean F0 of children of similar age range in sentence 
production and spontaneous speech were also found in studies by Bennett (1981), Busby and 
Plant (1995), Ferrand & Bloom (1996) and Sorenson (1989). It showed that acoustic 
characteristics of six to nine year old children were comparable across both English- and 
Cantonese-speaking population. 
Perceptually, the judges were able to correctly identify the gender of the voices. The 
mean masculinity (6.03) was higher than femininity (4.34), which indicated a perceptually 
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more masculine voice. This was consistent with previous studies by Klein (2004), Perry et al. 
(2001) and Sachs et al. (1973). 
Acoustic characteristics of voice 
As this was a pioneer research in the discussion of children’s imitation of voice from 
televised models, no similar previous researches could be quoted as reference for comparison 
of phase and group effect. For the present study, the acoustics showed no significant group 
effect on the children’s voices in isolated vowels and sentence production. This suggested 
that the boys exhibited no significant difference in voice behavior on acoustic parameters 
whether they watched the Masculine video-clip or the Control video-clip. 
For pooled data from both groups, there was a significant decrease of F0 in Picture One 
description between pre-treatment phase (238.66 Hz) and retention phase (232.53 Hz). 
However, this was unable to confirm the hypothesis as it was obtained from combined group 
data. The possible reasons for such changes were unable to be determined from this 
experimental design. 
Perceptual characteristics of voice 
Perceptually, there was no significant group effect found on both masculinity and 
femininity. The results suggested that the video-clip variation (i.e., masculine and children’s 
voice input) did not bring about difference in voice behavior between Masculine and Control 
group. As hypothesized, the children were expected to exhibit a more masculine voice from 
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the imitation of stereotyped masculine voice input. However, since the type of voice input 
showed no effect by perceptual parameters, the hypothesis could not be confirmed.  
For combined data from both groups, there was significant decrease of masculinity for 
Picture Two description from 6.17 in pre-treatment phase to 5.75 in post-treatment phase. 
Also, there was significant increase of femininity from 4.03 in pre-treatment phase to 4.65 in 
post-treatment phase. For Picture One description, combined data again showed significant 
increase in femininity from 4.04 in pre-treatment phase to 4.50 in retention phase. This 
suggested that after watching either video-clip, the voice of the children became perceptually 
more feminine. 
The possible reason to explain for the perceptually ‘feminized’ voice with no 
supporting acoustic evidence could not be determined from this experiment. However, a 
possible reason was that there might be practice effect in describing the pictures. A study by 
Andrews and Schmidt (1997) investigated gender presentation of voice. In their study, 11 
biologically male speakers who claimed to be heterosexual cross-dressers produced standard 
passage reading in both their masculine and intended feminine voice. It was found in the 
perceptual judgment that breathiness of voice is usually one of the elements of feminine 
speech that is most easily imitated by male speakers. Also, the intended feminine speech was 
perceived to be more animated as opposed to monotonous. The acoustic results suggested that 
the reason for a perceptually feminine voice might not be frequency based but rather due to 
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cues such as variation in loudness, rate, and duration.  
This was consistent with the present study which no acoustic parameters could account 
for the ‘feminized’ voice in picture descriptions but perceptual difference was observed. As 
the picture stimuli used were the same in all recording phases, the children would become 
familiarized with the picture content. The practice effect might potentially lead them to have 
better command of vocabularies and be able to speak at a faster rate. As a result, the speech 
was perceived to be more varied in loudness and faster. Thus, it leads to a more lively and 
animated voice which resembles more to a feminine speech.  
Possible explanations and directions for further studies 
As indicated by the acoustic and perceptual results, the boys did not imitate the 
masculine voice input from the televised model. The results might be explained by the video 
deficit effect (Anderson & Pempek, 2005; Barr, Muentener & Garcia, 2007; Barr, Muentener, 
Garcia, Fujimoto & Chavez, 2007). For infants of 2 years old, experiments were conducted 
on their ability to imitate behaviors presented by televised model. It was found that they 
imitate less from a televised model than a real live model. Such phenomenon was known as 
the video deficit effect.  
In real life, a person models in an interactive way such that they can provide immediate 
feedback to the very young children and attain social motivation for them to imitate such 
behavior. Despite the boys in this study were much older (i.e., at preadolescent age) than 
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those experimented in previous studies, the same theory could be applied as there was lack of 
motivation in imitating the model without social needs. They may regard the information 
from television as unreal and may not as readily learn from it as they do from a socially 
responsive partner (Troseth, Saylor, & Archer, 2006).  
Based on the model of the four subprocesses governing observational learning 
(Bandura, 1986), the final process before acquisition of gender conceptions and competencies 
is driven by motivation. It was found that the success of others who are considered similar to 
one self creates motivation for one’s behaviors (Bandura, 1986).  
It was recognized that in this study that the participants lack motivation and social 
consequences in performing the speech tasks .The children’s voices were elicited in a 
decontextualized environment where no feedback on performance was given. They might 
regard their behavior as non-rewarding even if they adopted the masculine voice. As a result, 
no change in masculinity of voice was observed.  
Further studies may improve by adjusting the recording procedures. For instance, 
changing the speech tasks might increase the motivation for imitation. The children could be 
instructed to focus on the video which will later be asked to retell the story. This not only 
increases the sustained attention of the children on the video, the speech samples elicited will 
also be meaningful. It introduces social needs for the children as the researcher could act as a 
communication partner who can provide feedback on the children’s performance on 
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storytelling. 
Another possible reason to account for the insignificant effects of variation of video 
stimuli was the mismatch of gender components. According to Deaux and Lewis (1984), 
preadolescence distinguished gender stereotypes into four major components: role behaviors, 
traits, occupations and physical characteristics. Role behaviors include activities, interests, 
games, and toys that were considered more appropriate for one gender. Traits refer to 
characteristics such as sensitivity (feminine) or aggressiveness (masculine). Models are 
socially presented with gendered attributes clustered in a structured form. Not only 
appearances but clusters of behavioral attributes involved in a broad gender conception was 
key to learning of gendered roles (Bussey & Bandura, 1999). For instance, with regard to the 
clustered attributes of voice and appearance, stereotypical male figures who are portrayed as 
muscular and short haired in media representations usually possess a deep and assertive voice. 
Mismatches in attributes would thus arise when a male character speaks in a feminine voice 
and vice versa.  
In this study, the televised model presented a mismatch in physical characteristics and 
role behaviors. The feminine behaviors and appearances of the female cartoon characters 
were mismatched with their physical characteristics of voice. That is, they possess general 
stereotypical female gender components (e.g. longer hair, less aggressive behavior and 
feminine interests) but one particular masculine characteristic (i.e. masculine voice) was 
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presented as for the video-clip presented for the Masculine group. Therefore, the children 
may not be able to regard the female cartoon characters’ masculine voices as an appropriate 
gender role model which they should imitate upon. 
Further studies may improve by presenting models in a consistent manner of gender 
components. Since the models were mismatched, the male characters may speak in a 
masculine voice for the Masculine video-clip. On the other hand, female characters may be 
eliminated at all to remove any possible distractions in models. 
Besides the mismatch in models, the age of the model may also affect the children’s 
intention to imitate. A study by Grace, David and Ryan (2008) investigated 32 girls and 30 
boys preschoolers ranged in age from 3;3 to 5;8 years about their imitation preference after 
televised models. It reported that although children imitated models of the same gender more 
than those of the opposite gender, there was an interaction effect of age of model. They 
imitated behaviors performed by adult models more than when those same behaviors were 
performed by child models.  
In light of the children’s preference, it urged potential improvements in the present 
experimental design. If imitation of adult models was more favorable for children, the video 
content using animated children characters might not be as effective as expected. Grace et al. 
(2008) further argued that children might choose to enact behaviors performed by the 
category of people they see as most appropriate to imitate which in this case refers to adults. 
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Using adult models may best bring about imitation of behavior by the children as they tend to 
learn from adults than from children. In other words, the video-clip for Masculine group 
should consist of only adult males speaking in masculine voice as models while the control 
group video-clip should consist of only boys speaking in children’s voice. To make models 
more related to real live situations, videos of real people could also be used instead of 
animated cartoons. The more distinct the difference between the video stimuli the more 
prominent results may be generated across the treatment groups.  
Conclusion 
To conclude, the present study demonstrated that acoustic characteristics of six to nine 
year old children’s voices were comparable to other populations. There was no significant 
effect of variations of video-clip on the voice of children measured by both acoustic and 
perceptual parameters. Interestingly, however, a perceptually ‘feminized’ voice was observed 
across phases in picture description tasks which could be due to practice effect. To explain for 
the insignificant results obtained, video deficit effect suggests that children might lack 
motivation in imitating the voice from a televised model. The behavior presented by child 
cartoon instead of adult models might also decrease the effect of modeling on boys. Lastly, 
the mismatch of gender components in models may affect the children’s learning as they may 
lower their regards to them as appropriate gender role models. Further improvements in 
future studies were suggested by adjusting the procedures and stimuli. The children could be 
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assigned socially meaningful tasks as an elicitation of speech samples. The stimuli could 
videotape male adults to perform models without any feminine elements. 
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Appendix A: Pictures used in the picture description task 
Picture One 
 
 
Picture Two 
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Appendix B: Rating scale 
Masculinity 
Least masculine            Most masculine 
 
 
Femininity 
Least feminine            Most feminine  
  
